Recently, we have conducted a number of zero-field N.M.R. experiments on liquid-crystalline systems. Initial experiments on aligned nematics sought to measure the order parameters in the absence of an applied magnetic field [l, 21. The usefulness of the zero-field N.M.R. experiment lies in the ability to obtain sharp well-resolved spectra for disordered materials [3] . Whereas in an applied field the orientational anisotropy of the nuclear spin interactions produces a broadened dipolar or quadrupolar spectrum, in zero field the isotropy of space makes all interactions identical in the molecular frame. Thus even for a powder distribution of orientations, the zero-field N.M.R. spectrum consists of discrete frequencies corresponding to the nuclear spin interactions.
Many of the more interesting liquid-crystalline mesophases are the smectic phases which do not necessarily order in a magnetic field [4] unless prepared from a preceding nematic or isotropic phase. These more complex phases show a more diverse arrangement of the molecules of which it would be desirable to gain a direct measure. For example, as shown schematically for two smectic phases each with a hexagonal packing in figure 1, the molecules arrange themselves not only in layers but also in more complicated intralayer structures. The smectic B phase in figure 1 shows the rotational freedom of the molecules in the layers which leads to an axially symmetric phase. In contrast, phases such as the smectic E, have restricted rotational freedom of the molecules about the long molecular axes which is expected to lead to a biaxiality of the phase [5-71. This biaxiality has been observed in the high-field deuterium spectra of aligned samples [6] , and in the motional effects on the deuterium asymmetry parameters in a selectively deuteriated smectic E phase [7] . These studies required the use of aligned samples measured at many different orientations with respect to the applied field, to derive complete information on the system. The effect of the biaxiality is often subtle and may not be observable in the high field powder spectra of unaligned samples.
Zero-field N.M.R. spectra are very sensitive to the perturbations of small amplitude motions and the motionally induced asymmetry in dipolar coupling tensors t Present address: J. Stefan Institut and Department of Physics, University of Ljubljana, Yugoslavia.
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Smectic E Figure 1 . Schematic drawing of the molecular ordering within a layer of two different smectic liquid-crystalline phases. In the smectic B phase, the molecules are free to rotate about their long molecular axes (as indicated by the circles) and there is positional order within the plane. The smectic E phase shows a molecular packing in which the molecules can oscillate between two positions (represented by ellipses) within the layers. There no longer is the freedom of rotation about the long molecular axes which leads to a biaxiality to the phase. The methylene dichloride probe molecules are expected to reside between the molecules exhibiting the local symmetry.
[8]. The dipolar coupling of two protons is inherently an axially symmetric nuclear spin interaction in its principal axis system. In a uniaxial liquid crystalline phase, the partially averaged dipolar tensor interaction retains this symmetry and a coupling scaled by the order parameter of the H-H internuclear vector is measured. In zero field, the state of such a nuclear spin system consists of two degenerate energy levels and a third level with energies given by, where oD = y2 h/2nr3 and S is the order parameter of the H-H vector in the uniaxial phase. This produces three lines in the zero-field spectrum at f 3SwD/2 and at zero frequency. If the dipolar coupling is observed in a biaxial phase, then the restricted reorientational freedom of the molecules induces an asymmetry, q, in the averaged dipolar tensor in the director frame [5, 61. The asymmetry lifts the degeneracy of the two lowest energy levels to give E3 = SO,,
I
thereby introducing six possible transition frequencies. This situation is analogous to that of a non-axially symmetric quadrupolar interaction for a spin I = 1 nucleus. From a measure of the zero-field spectral frequencies, values of S and can be determined.
We have recently obtained the zero-field N.M.R. spectra of several liquidcrystalline smectic phases and report here a direct observation of the symmetry of the phase. The zero-field N.M.R. spectrum of a methylene dichloride (CH2C12) probe probe molecule in smectic B and E phases. The unaligned smectic B sample produces the usual dipolar triplet in zero field from which an order parameter of the probe can be measured. The differing linewidths can be attributed to residual field effects and are not a function of the symmetry of the phase. The spectrum of the smectic E phase shows a more complicated pattern of six lines (plus one at zero frequency due to the residual field effects). The asymmetry parameter induced in the dipolar coupling by the biaxiality of the phase can be calculated directly from the spectrum.
molecule in an unaligned smectic B sample [9] (5 wt YO CH,Cl, in a binary mixture of 60 per cent 4-n-butyloxybenzylidene-4'-n-octylaniline (40.8) and 40 per cent 4-noctyloxy-4'-cyanobiphenyl (80CB)) appears in figure 2. In the uniaxial smectic B phase, the resulting spectrum is a triplet of lines [2] corresponding to the axially symmetric dipolar coupling of the two protons scaled by the order parameter of the inter proton vector. The separation in frequency from zero is given by
and is then a direct measure of this order parameter. The zero-field N.M.R. spectrum of the disordered smectic E phase is also shown in figure 2 . This sample consists of N 5-10 wt YO CH,Cl, in a 50-50 per cent binary mixture of the same components as the smectic B phase and forms a very stable room temperature smectic E phase [9] .
